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A laboratory exploration for multi-period perishable food pricing
Introduction
Perishable food refers to items whose quality and freshness deteriorate over time such as meat, fruit and vegetables, etc. (Ferguson and Koenigsberg, 2004) . The limited shelf life induces consumers' risk perceptions on food safety, quality and inventory shortages. Consumers choose the best timing to purchase perishable food concerning the monetary factor and other risk-related factors. The salvage value of the unsold and decayed food is negligible, but the disposal of these items is always the responsibility of the food retailer. Hence, many retailers are engaged in developing appropriate pricing strategies for perishable food and making their best to improve the operational performance and avoid food wastage. In practice, the most used pricing strategy for perishable food is the end-of-period sales, which is used to attract more consumers to purchase before food deterioration. Regarding the different levels of food freshness and inventory shortage risk, consumers perceive heterogeneous valuations at different selling periods and generate heterogeneous willingness to pay (WTP) for perishable food (Huang et al., 2011; Herbon, 2013) . The line of research on perishable pricing has received a lot of attentions in academic (Dasu and Tong, 2010; Jerath et al., 2010; Ovchinnikov and Milner, 2012; Li and Tang, 2012; Avinadav et al., 2013; Chung and Li, 2013; Beneke and Carter, 2015) . Besides the end-of-period sales pricing tactic adopted by most practical perishable food retailers, researchers have proposed other solutions for perishable pricing. For example, some use time-based price discrimination models for perishable food by maximizing retailer's revenue via exploiting consumer heterogeneity in their WTP throughout different selling periods (Huang et al., 2011; Li and Tang, 2012; Chung and Li, 2013; Herbon, 2013; Herbon et al., 2014; Qin et al., 2014) . Some put forward version-based price discrimination methods, which means that the food retailers develop several versions of the perishable food, and charge different prices towards different segmented consumers (Boatto et al., 2011; Tempesta and Vecchiato, 2013; Marian et al., 2014) . However, it is well known that price discrimination of revenue management leads to consumers' price fairness perception (Xia et al., 2004; Garbarino and Maxwell, 2010; Ashworth and McShane, 2012; Wu et al., 2012; Ngyen and Klaus, 2013) . Fairness is a critical criterion that significantly affects consumers' purchasing decisions. As a concept, price fairness perception is rooted in the theory of dual entitlement, which contends that perceptions of fairness are governed by the principle that firms are entitled to a reference profit and consumers are entitled to a reference price. Consumers believe that the value to the firms should be equal to the value for themselves (Kahneman et al., 1986; Thaler, 2008) . If the relationship becomes unbalanced, increased value for the firm or decreased value for the consumer, the consumer may perceive subsequent transactions to be unfair, which plays an important role in consumer satisfaction and subsequent behaviours (Oliver and Swan, 1989; Bei and Chiao, 2001; Heo and Lee, 2011; Heo et al., 2013) . Although the importance of multi-period pricing strategies for perishable items is recognized by many researchers, its implications on consumers' intertemporal price fairness perception have not been widely studied. With regard to the estimation of consumers' valuation and WTP, four alternative methods have been mostly adopted in empirical studies: hedonic price, contingent valuation, conjoint analysis and experimental auction (Grunert et al., 2009) . In the context of perishable food pricing, the former three methods evaluate consumer's WTP in terms of food retailers' provided information, and rough ranges of consumers' WTP are obtained through the options given by questionnaires. However, it is more accurate to obtain individual's WTP in experimental auctions, which avoids overestimating the valuation of the perishable food compared to the other methods. In addition, there are many complicated influential factors for perishable pricing, and it is feasible and effective to analyse the interplay effects of these factors individually in the laboratory experiment (Lee and Hatcher, 2001; Lusk and Hudson, 2004; Akaichi et al., 2012) .
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Multi-period perishable food pricing Based on the above considerations, in this paper, we propose a laboratory exploration method with the aim of proposing a dynamic multi-period pricing model for perishable food with consumers' price fairness perception, and two research questions are investigated. In the first place, as mentioned in Tversky's (1972) work that the individual's choices demonstrate high uncertainties, and the retailer's goal of pricing fairly does not mean a one price policy for everyone. Thus, it is better to set up a series of discriminatory prices for different segmented consumers. Consumers within the same segment are assumed to have homogeneous attitudes towards the perishable food. A key question is how to make price differences more acceptable and less likely to evoke price unfairness perceptions among different segmented consumers, who purchase the perishable food at different time points. In the second place, to the best of our knowledge, many researchers proposed pricing models for perishable food from a theoretical perspective, such as Dasu and Tong (2010) , Jerath et al. (2010) , Ovchinnikov and Milner (2012) , Li and Tang (2012) , Ali et al. (2013) , Avinadav et al. (2013) , Herbon et al. (2014) and Qin et al. (2014) , etc. While few empirical studies have researched the perishable pricing models and put forward concrete pricing path for perishable food. Furthermore, in both theoretical and empirical studies, perishable dynamic pricing with consumers' price fairness perception is very rare. As stated by Corbett and Wassenhove (1993) that the empirical research investigating the success of operations research techniques can be very valuable. Therefore, how to conduct the empirical research driven by both practice and theory in the context of perishable food pricing with consumers' price fairness perception and strategic purchasing behaviour is put forward as the second research question of this paper.
The reminder of this paper is laid out in the following way. In Section 2, we briefly review the related literature and identify the contributions of our work. Then, we put forward the research hypotheses in Section 3. In Section 4, we introduce the theoretical model and the design of the experiment. Section 5 displays the experiment results, and Section 6 concludes the paper with a brief summary and suggestions for further research.
Related works
There is extensive literature on revenue management and behavioural operations management in the field of perishable pricing. For an overview of revenue management, readers may refer to Talluri and van Ryzin (2004) . Here, we briefly review some related works about food pricing and consumers' WTP for perishable food, and dynamic pricing with consumer behaviour as well.
Food pricing and consumers' WTP for perishable food
For perishable food pricing with consumer behaviour in empirical studies, few studies concentrate on pricing strategy development except for Chung and Li (2013) . They compare the impact of multi-period pricing and end-of-period pricing on consumers' satisfaction and WTP for perishable food. They suggest that food retailers can enhance consumer satisfaction by offering an earlier but lower discount, and increasing it as perishable food items approach their expiry date, rather than a higher discount when the expiry date is imminent. However, they did not specify the detailed pricing path of the dynamic pricing strategy. The majority of empirical studies on food pricing is concerned with the consumers' WTP for food and yields many valuable results. WTP is defined as "the maximum price a buyer is willing to pay for a given 2216 BFJ 117,9 quantity of a good" (Wertenbrock and Skiera, 2002) . Dasu and Tong (2010) pointed out that the frequency of price changes, the number of units for sale, market size, consumers' valuation distribution, inventory information disclosure and scarcity level, etc., were main influential factors that have effects on consumers' purchasing decisions. Levin et al. (2010) proved that initial capacity could be used to effectively reduce the impact of strategic consumer behaviour. Steur et al. (2012) utilized experimental auctions to analyse consumers' WTP for GM rice, and results revealed that consumers' GM food acceptance and objective knowledge were main determinants for WTP. Piramuthu and Zhou (2013) studied perishable inventory management with demand which was directly dependent on the amount of shelf-space allocated to the item of interest as well as its instantaneous quality. Avinadav et al. (2013) pointed out that the demand rate of perishable items was positively affected by the remaining shelf life, since higher time-to-expiry indicated better freshness and higher quality. Bett et al. (2013) adopted contingent valuation experiment and two-step Heckman selection model to understand how consumers would respond to a price increase and estimate the amount they are willing to pay for indigenous chicken products. Socioeconomic factors like age, income, education and family size significantly determined consumers' WTP. Other factors about the food characteristics and consumers' preferences were also studied. Lee and Yun (2015) investigated an S-O-R model to examine how consumers perceive organic food attributes (S) that lead to consumers' attitudes (O) and behavioural intentions to buy organic food (R). The findings indicated that consumers' intentions to purchase were determined by the utilitarian attitudes established by the favourable perceptions of the nutritional content and ecological welfare attributes, in addition to the hedonic attitudes formed by the perceptions of the nutritional content, ecological welfare and sensory appeal attributes. Beneke and Carter (2015) hypothesized that consumers' WTP for private label branded breakfast cereal was influenced by the perceived product value, quality, relative price and risk, in addition to store image, in-store extrinsic cues, familiarity with private label brands and loyalty towards existing national brands, etc. They introduced partial least squares path analysis to test the causal relationships within the hypotheses and the conceptual model. Results were found to be statistically significant with all hypotheses related to influential criteria towards consumers' WTP.
Dynamic pricing with consumer behaviour
Dynamic pricing becomes a common practice adopted by retailers that sell a limited inventory of perishable or seasonal products within a finite horizon. The fundamental principle of dynamic pricing is that retailers adjust their prices based on the inventory level and the time remaining in the selling period. Different prices trigger different perceptions about price fairness and different consumer behaviours towards purchasing the items. In recent years, the research on dynamic pricing with consumer behaviour has been emphasized. Chen and Zhang (2009) investigated the implications of the dynamic interactions between strategic consumers and firms, and developed dynamic targeted pricing based on consumer purchase history. Dasu and Tong (2010) studied dynamic pricing policies for a monopolist selling perishable products over a finite time horizon to strategic buyers. They find that when buyers are strategic and shortages are perceived, dynamic pricing is better than static pricing even if demand is deterministic. Strategic buyers purchase a product only if their valuations exceed a threshold. This threshold is higher than the prevailing price and depends on the perceived level of scarcity. Zhao et al. (2012) studied consumers' behaviour of purchase
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Multi-period perishable food pricing delay in a general dynamic pricing context. They explicitly modelled the consumer dynamic choice process using the classical multinomial logit model, in which they specified the probability of purchasing one unit of product as a function of inertia. They find that the optimal pricing policy depends on the inventory scarcity and also the level of consumer inertia in two dimensions: depth of inertia (i.e. extent of inertia) and breadth of inertia (i.e. probability that a customer is affected by inertia). Wu et al. (2014) developed their study on the online retail selling of durable products over an infinite horizon. They studied the randomized pricing strategy by switching the price between regular level and low level, and assumed that the price of the retailer followed a Markov process. The reneging behaviour of strategic consumers was also included. The effects of consumers' patience and discount factor on optimal prices and promotion probability were studied. Liang et al. (2014) considered a seller that offered a product in the form of group buying (priced low but uncertain) and spot purchasing (priced high but guaranteed) from a dynamic perspective. Customers were assumed to be strategic with a time-dependent utility and they characterized the customer behaviour within a rational expectations framework. The retailers tried to balance the tradeoff between a large customer base incorporating as many group-buying customers as possible and a relatively high margin by pushing high-end customers into the spot-buying option.
Hypotheses development
In our paper, we extend the consumer behaviour theory and utility theory, to hypothesize that a multi-period pricing strategy will realize consumers' price fairness perception and the food retailer's long-term revenue maximization. This strategy makes trade-offs among retail price, food freshness and shortage risk. Here below are the hypotheses developed in three aspects.
From the perspective of the factors that influence food pricing and consumers' WTP for perishable food, we have reviewed some recent research in Section 2.1. So far, most research mentions that the deterioration state and quantity in stock are key factors that determine perishable pricing. Other factors such as the market size, consumers' valuation distribution, information disclosure, familiar with the product and socioeconomic factors like age, income, education and family size, etc. are common factors that influence the pricing strategies of both perishable and durable items. Since the objective of our study lies in perishable pricing, based on the previous studies, the following hypothesis is put forward:
H1. The deterioration state and the quantity in stock of the perishable food have significant effects on consumer's WTP.
From the perspective of the factors that influence the consumers' purchasing determinations of perishable food, consumers' strategic behaviours are widely studied.
The study of consumers' strategic behaviour was first researched in durable pricing. A classic work is that Ronald Coase (1972) pointed out that if consumers strategically wait for price reductions, even a monopolist would be forced to price at marginal cost and earn zero profits. Lately, as for perishable pricing, Levin et al. (2010) demonstrated that firms should attach great importance to strategic consumers while selling perishable items; otherwise, the firm will receive much lower total revenues. In the viewpoint of consumers, Cachon and Swinney (2009) assumed that strategic consumers are aware of the retailer's markdowns at some given time during the selling horizon, and they would like to strategically choose when to make their purchase. Additionally, Su and Zhang (2009) addressed the existence of consumers' strategic behaviour.
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If consumers do not perform strategically, they may face up with increased decisionmaking cost, increased transaction cost as well as other inconveniences such as having to choose a substitute, going to another store to purchase the item, etc. Since the extant researches are mostly theory-driven pricing models considering the strategic behaviour of consumers, in our study, we would like to justify H2 posited as below from an empirical point of view. Given that consumers are aware of price reductions, we hypothesize that:
H2. Consumers purchase the perishable food strategically, considering different retail price, food freshness and inventory shortage risk at different selling periods.
Many researchers and practitioners mention that firms would like to adopt price discrimination strategy for perishable. For example, Bakker et al. (2012) surveyed the research of inventory control of perishable items and addressed that it was usual to offer the deteriorated items at a discount price in practice. For example, in many supermarkets, items near their expiration date are marked down by a fixed percentage to influence the consumer's buying behaviour. Policies such as price discount when the items reach a predetermined age are mostly used. However, Jerath et al. (2010) pointed out that although the use of last-minute sales to dispose the unsold capacity might generate incremental revenues in the short term, the long-term consequences of such a strategy were not immediately obvious. The reason is that if more and more consumers were inclined to anticipate the discount and would not purchase the item at regular or premium price, they might potentially reduce revenues for the firms in the long run. Therefore, the multi-period pricing strategy is more acceptable with its more long-term utility, since an appropriate discount in addition to the desirable freshness may incite consumers to purchase at an early time before the due date. On account of the multi-period pricing strategy, consumers always purchase perishable at different retail prices at different time points. It is very common to see consumers comparing their purchasing experiences with others who bought the same items at different selling periods, as well as comparing the current deal with their previous purchases. Giampaolo and Graziano (2014) researched the effect of past reference price and social comparison on consumers' current WTP. Price unfairness perceptions would be generated if consumers receive less utility from the current transaction. Cachon and Swinney (2009) analysed two reasons for consumers' price unfairness perception from waiting for potential deal of the perishable item. One is that the strategic consumers evaluate purchasing the item less at the end of the season than at the start of the season due to the decayed state of the perishable; the other is that items may be unavailable at the end of the shelf life and consumers have to confront shortage risk. Therefore, due to different levels of deterioration state and shortage risk, consumers generate different WTP and receive different utilities at different selling periods. Levin et al.'s (2009) work demonstrated the idea of price fairness concerns in dynamic pricing. They modelled the pricing strategy for selling differentiated perishable items to multiple segments of strategic consumers. The segments were stochastically homogeneous in the sense that all consumers within a segment had the same distributional and parametric characteristics. In other words, they were trying to ensure the distributions of consumers' utilities to be homogeneous in different segments. Based on the above discussions, the third hypothesis is presented:
H3. A multi-period pricing strategy leads to consumers' intertemporal price fairness perceptions for perishable foods.
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Multi-period perishable food pricing 4. Theoretical model and design of the laboratory experiment 4.1 Theoretical model We assume that a monopolist retailer sells a kind of perishable food to potential consumers in a region using a dynamic multi-period pricing strategy. We consider the shelf life of the perishable food is T, and T is divided into several selling periods and each is indexed by t (1 ⩽ t ⩽ T). At the tth selling period, the retail price is denoted as p t ; the potential market demand of the perishable food is denoted as N t ; the actual amount of consumers who succeed in purchasing the food is denoted as λ(p t , t), which is calculated in Equation (1); the consumers' WTP is denoted as v t and the probability density function of the consumers' WTP is denoted as f(v t ):
In addition, the total surplus of consumers who purchase the perishable food at the tth selling period is denoted as I t , which is calculated by Equation (2). It is under the assumption that an individual's surplus is based on the difference between the individual's WTP and the retail price. If the consumer's WTP is higher than the retail price, he or she succeeds in the transactions with the retailer; otherwise, the consumer fails in purchasing the items and his surplus is deemed as zero:
We also assume that the inventory of the perishable food cannot be replenished within the shelf life and the unsold items at the end of the shelf life have no salvage values. Without loss of generality, both the unit procurement cost and the per-unit holding cost for the perishable food are assumed to be zero. q t is the amount of perishable foods sold out at the tth selling period. C(t) is the amount of available items at the tth selling period, which can be calculated according to the following equation:
We further assume that consumers are aware of future markdowns and they decide whether to buy one unit of the perishable food, or to wait until a suitable retail price later. Their decisions are based on two external factors, i.e. the freshness factor α(t) given by an exponential decay function in Equation (4) and the inventory availability factor β(t) given in Equation (5). In Equation (4), θ is the deteriorating rate of the perishable food, which varies depending on the characteristics of the particular perishable food and the storage conditions such as temperature or humidity, etc. In this study, both freshness factor α(t) and inventory availability factor β(t) are monotonically decreasing with parameter t:
According to Equation (4), we further express the deterioration state of the perishable food as 1−α(t). The average utility of consumers who purchase the perishable food at the tth selling period is denoted as U t , which can be calculated by Equation (6). It is under the 2220 BFJ 117,9 assumption that consumers' utility is determined by consumers' surplus, food freshness and perceived risk of inventory shortage:
The retailer's total revenue within the perishable's shelf life is denoted as R, given in the following equation:
To incorporate consumers' intertemporal price fairness perception within the perishable's shelf life, in addition to maximize the food retailer's long-term utility denoted as U, the theoretical model is described as follows:
In Equation (8), ω is a constant and 0 ⩽ ω ⩽ 1 If the food retailer pays more attentions on short-term revenue, the retailer's total revenue equals to its total utility, here ω ¼ 0; the higher ω is, within 0 o ω o 1, it indicates that the retailer pays more attentions on long-term utility. Equation (9) depicts consumers' intertemporal price fairness perception condition, which means that consumers' average utilities at different selling periods are equally controlled. The solution procedures are attached in the Appendix. In this paper, we assume the consumers' WTP is a uniform distribution [v min , v max ]. Further, we define parameter γ in Equation (10). Thus, the optimal retail price at the tth selling period is given in Equation (11):
Subject
The experiment was conducted in Northeastern University in Shenyang, China. We recruited 67 graduate students aging from 22 to 28 years old, and seven young teachers aging from 30 to 36 years old, who were majoring in business administration and management science. The subjects were composed of 38 female participants and 36 male participants. They did not have prior knowledge about the objective and conditions of this study. And none of them have ever participated in similar economic experiments before. They volunteered to take part in the experiment for payoff contingent on performance, and a show-up fee was paid to each participant. During the experiment, the subjects took the role of consumers and the experiment conductor took the role of the food retailer. Two experiment helpers were recruited to collect the subjects' submitted envelops and did necessary counting and calculation at 2221 Multi-period perishable food pricing each selling period. Dam-boards were set up between neighbouring subjects to avoid mutual communication, information disclosure or sharing.
Experimental treatment
The goal of our study is to analyse how a markdown multi-period pricing strategy realizes consumers' price fairness perception at different selling periods within the shelf life of a particular perishable food. In this laboratory experiment, we tested the hypotheses as posited in Section 3 on the basis of the theoretical model proposed in Section 4.1. As for the first hypothesis, the consumers are expected to have an increased WTP with the scarcity of the available inventory and have a decreased WTP with the deterioration of the perishable food, taking different levels of food freshness and inventory shortage risk into consideration. As for the second hypothesis, we expect the consumers to purchase the perishable food at different selling periods; especially at the last selling period, we expect the consumers to have the highest utilities and the highest trading volume. As for the third hypothesis, we would like to justify that the multi-period retail price can incite homogeneous consumers' utility distributions; in other words, the consumers' intertemporal price fairness perception could be assured by the theoretical model.
In addition to the multi-period retail prices given by the model, two types of information were also provided: one was the reference price of the perishable food at the market, including an upmost price at which the perishable food situated in a most freshest state, and a lowermost price at which the perishable food was near its expire date; the other was the initial capacity of the perishable food and the remained capacity at the beginning of each selling period.
In this experiment, the dependent variables are consumers' WTP, retail price and available capacity of the perishable food; the independent variables are the frequency of price changes, market size, deteriorating rate and initial capacity. Variables involved are depicted in Table I .
In this experiment, we would like to focus on subjects' reactions to different levels of food freshness and shortage risk at different selling periods; therefore, the distributions of consumers' average utilities are compared accordingly. The perishable food used in our experiment is a very common type of banana, which all subjects are able to afford in their daily life. Therefore, we did not consider the demographic characteristics of subjects in this experiment, such as gender, income and education, etc.
Steps followed in the experiment
The process to collect data in this study consists of three steps. In step 1 and after taking a seat and given a welcome, each participant received an envelope, which contained five RMB as a show-up fee for their participation, his or her identification number and 120 tokens. To make sure that all participants have a full understanding of the experiment procedures, in step 2, participants were given an oral explanation supported by some examples by the experiment conductor. During the explanation, the participants were totally free to ask questions to dissipate any doubts about the experiment. We moved to the next step only after making sure that all participants fully understood how the experiment worked. Before doing the actual biddings, we also performed one unpaid practice for selling a previous silver pout. In this training session, we did not use the material food but only displayed the pictures of a silver pout at different phases within its shelf life, and described the loss of nutritional value to let the participants perceive the 2222 BFJ 117,9 change of food freshness. In step 3, we carried out the experiment using the material Philippines bananas. The session lasted approximately 90 minutes. The detail experimental procedures are displayed in Figure 1 and explained afterwards.
As shown in Figure 1 , the experimental procedures are briefly explained as follows: first, the food retailer announced the market price as reference for consumers; second, the retailer displayed the food and announced the amount of items on shelf at the current selling period; third, consumers submitted their WTP as the highest price they could afford for the food at the current selling period; fourth, the retailer announced the retail price; fifth, for consumers whose WTP were higher than the retail price, they succeeded in buying the food. Then, they paid the food retailer the corresponding tokens and gained the items; and sixth, for consumers who failed in the current transaction, they continued to take part in the next selling period, until the consumers and the retailer concluded the transaction at certain retail price within the shelf life; or else the consumer did not make a deal with the retailer at the last selling period; or else the food was sold out.
Throughout the experiment, we used tokens instead of actual money. The market reference price of the chosen type of banana ranged from 120 tokens in the freshest situation to 80 tokens close to its expiration date. We assumed that bananas' shelf life is ten days and we divided the shelf life into five selling periods equally. The freshness and nutritive value of the bananas at different selling periods were quite different. Since it is a one-time experiment, instead of waiting for bananas' naturally deteriorating (which The number of potential consumers who would like to purchase the perishable food
The number of subjects participating in this experiment is the market size, i.e. the market size is 74 in this experiment Deteriorating rate
The rate of perishable food's decaying or quality changing
Assuming the deteriorating rate of perishable food is 0.5 in this experiment Initial capacity
The amount of perishable food to be sold without inventory replenishment The initial capacity is less than the market size in order to induce consumer's perceived inventory shortage risk. Assuming the initial capacity is 70 in this experiment; if someone' WTP was higher than the retail price but food shortage happened, we regard the consumer's utility equals to zero Table I .
Variable description and valuation basis 2223
Multi-period perishable food pricing requires several days), we prepared enough bananas (more than the amount of the initial capacity) for all selling periods. In doing so, all subjects were able to purchase his or her desirable banana at any selling period unless the predetermined initial capacity was sold out. Moreover, the subjects were told that they might encounter with inventory shortage risk, and not all subjects were able to purchase the bananas. As shown in Table I , the initial capacity is determined as 70, which is four less than the market size 74 in this experiment. The design of capacity rationing was to test subjects' perceived risk of inventory shortage and their subsequent strategic behaviours.
Results
The experimental data are listed in Table II . The retail price is given by Equation (11), the freshness factor is given by Equation (3) and the inventory availability factor is given by Equation (4).
Correlation analysis result
In this section, we introduce correlation analysis to test H1. Table III shows the correlation analysis results of consumers' WTP and the factors of deterioration state and inventory availability.
In the first part of Table III , no variables are controlled. We can see that: first, consumers' WTP is highly negatively correlated with deterioration state and positively correlated with the scarcity of the available inventory with Pearson correlation values being −0.776 and 0.801, respectively; second, deterioration state and the scarcity of the available inventory are highly negatively correlated, and the Pearson correlation value 1 Announce the referent market price range of the food Display the food and announce the amount of available food at the current selling period Announce the retail price at the current selling period; and sell the food to consumers whose WTP is higher or equal to the retail price Offer WTP (the highest price that a consumer can accept at the current selling period) Successful consumers pay tokens and quit the experiment is −0.798. In the second part of Table III , the scarcity of the available inventory is controlled, and the correlation between consumers' WTP and deterioration state is studied. The Pearson correlation value is−0.379, which indicates that the more decayed the perishable food is, the less likely consumers would like to purchase it. In the third part of Table III , deterioration state is controlled, and the correlation between consumers' WTP and the scarcity of the available inventory is studied. The Pearson correlation value is 0.478, which indicates that the more the scarcity of the available inventory is, the more likely consumers would like to purchase. In addition, it is sufficient to say that the significance values being less than 0.01 indicate statistically meaningful correlations, and H1 holds.
Descriptive statistics and the Kolmogorov-Smirnov test
In this section, we introduce descriptive statistics analysis and the Kolmogorov-Smirnov test to test H2. Table IV shows the descriptive statistics of consumers' utilities at different selling periods. We can see from means column that consumers' average utilities was around one throughout the former four selling periods, with relatively low successful transaction volume; while at the fiftth selling period, consumers had relatively higher utilities and almost half consumers purchased at this selling period. The observed statistics indicate that consumers' average utilities throughout the former four selling periods were homogeneous, and consumers' average utilities at the fifth selling period differed slightly. Therefore, we would like to examine whether the observed homo average utilities of the former four selling periods and the departure at the last selling period were not attributed to sampling errors but to reflect genuine 
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Multi-period perishable food pricing homogeneity or heterogeneity themselves. For these purposes, we introduced the Kolmogorov-Smirnov test to assess whether there was significant homogeneity or departure from uniform in the population distribution at different selling periods. The test process comprised two steps. First, we examined whether consumers' average utilities in all selling periods were uniformly distributed; second, we examined whether consumers' average utilities of the former four selling periods were uniformly distributed. The null hypothesis for both steps stated that the population distribution was uniform. The test results are shown in Tables V and VI. As shown in Table V , the minimum of consumers' average utilities is 0.92 and the maximum of consumers' average utilities is 1.52. The Kolmogorov-Smirnov Z value is 1.275 with the significant value of 0.078, which is larger than 0.05; therefore we do not reject the null hypothesis. However, the significant value of 0.078 is very close to 0.05, we assume that the null hypothesis in this test is weakly supported. As shown in Table VI , the minimum of consumers' average utilities is 0.92 and the maximum of consumers' average utilities is 1.06. The Kolmogorov-Smirnov Z value is 0.606 with the significant value of 0.856, which is too much larger than 0.05; therefore, we do not reject the null hypothesis and assume that the null hypothesis in this test is strongly supported.
On the basis of these statistics, we conclude that consumers' average utilities of the former four selling periods are homogeneous, but they are heterogeneous from consumers' average utilities at the fifth selling period. It means that consumers are inclined to strategically purchase the banana at a low price, and take food freshness and inventory shortage risk into consideration as well. So far, we have justified H2 that once consumers are aware of markdown in the future, they would behave strategically even the perishable freshness decays over time and inventory shortage risk is increasing.
Nonparametric test
We assumed that consumers who purchased the bananas of the same quality and faced with the same level of inventory shortage risks belonged to a population. In this experiment, the participants whose WTP were higher than the retail price at the same selling period were deemed as samples of a same population. Owning to different levels of food freshness and consumers' perceived risk of inventory shortages, consumers' WTP at different selling periods were independent from each other. Accordingly, we assumed that the five groups or populations were independent from each other.
As for population distribution, we cannot assume them to be normality and homogeneity of variance. Therefore, we primarily used nonparametric methods, i.e. the Kruskal-Wallis test, to test whether the population distributions from the five selling periods were of significant difference. The Kruskal-Wallis test is a nonparametric version of the one-factor independent measures ANOVA, and it does not require a minimum number of samples in each population. The null hypothesis of H3 states consumers' price fairness perceptions are of no differences among the five groups, i.e. the consumers' utility distributions at different selling periods are of statistically no differences. The results of the Kruskal-Wallis test are shown in Tables VII and VIII.  Table VII shows the mean ranks of consumers' utility at different selling periods. These rankings appear quite different but we would like to rely on the statistical test result shown in Table VIII to determine whether the null hypothesis holds. As shown in Table VIII , the Kruskal-Wallis statistic (χ 2 ) value is equal to 4.058 with a significance value of 0.398, larger than 0.05. Thus, we conclude that the null hypothesis of H3 holds, and the population distributions from five selling periods were of statistically no differences. In this way, we conclude that the offered retail price generated by the theoretical model considering consumers' surplus, food freshness and shortage risk can realize fair consumer segments and consumers' price fairness perception at 
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Multi-period perishable food pricing different selling periods. That is, those consumers who succeeded in purchasing the perishable food at different selling periods had similar population distribution of consumers' utilities. Statistically, no plenty of extreme unfairness perception events would happen under the proposed multi-period perishable pricing strategy.
Concluding remarks and future work
The line of research on dynamic pricing concerning consumers' price fairness perception is quite new in academic research, and has arisen due to its importance for food retailers of maximizing its long-term revenues and also of constructing mutual benefit and lasting connections with the consumers. In this paper, we proposed a multiperiod perishable pricing strategy considering consumers' price fairness perception. Three research hypotheses were put forward and a theoretical pricing model was built accordingly. We conducted a laboratory experiment to test consumers' heterogeneous WTP and their strategic behaviours towards multi-period perishable pricing. The statistical results justified the hypotheses and theoretical model. This study serves as the first step to utilize a laboratory experiment to dig out consumers' intertemporal WTP towards perishable food. It puts forward a novel model for describing consumers' intertemporal price fairness perception by equalizing consumers' average utilities concerning consumer surplus, food freshness and shortage risk at different selling periods, and justifies the model empirically. The unique contribution of this paper lies in that we introduce the distribution of consumers' utilities at different selling periods as the criterion to evaluate consumers' intertemporal price fairness perception. We assumed that once the distributions at different selling periods were of statistically no difference, and we could conclude that consumers who purchased the perishable food at different selling periods had similar distributions of valuations on it, and no plenty of extreme unfairness perception events would be induced.
This paper also sheds light on some valuable managerial insights for dynamic pricing of perishable foods, and we have proposed three suggestions. First, owing to different levels of food freshness and perceived inventory shortage risk, consumers have heterogeneous WTP for perishable food, and most of them would like to purchase strategically. Therefore, the food retailer could adopt multi-period pricing strategy instead of the fixed price or last-minute discount strategy in order to generate as much revenue as possible from a variety of market segments. Second, when the inventory is scarce, i.e. the inventory shortage risk is a bit high; the food retailer could adjust its retail price and prompt the consumers' forward purchases. At last, to reduce the price unfairness perceptions among consumers who purchase the perishable foods at different selling periods, the food retailer's pricing strategy should be focused on balancing the perishable's retail price, food freshness and perceived risk of inventory shortage; therefore, a long-term utility maximization would be likely to be ensured. However, our analysis was based on some restrictions. First, we tested the effects of freshness and inventory shortage risk of perishable food on consumers' price fairness perception. To incorporate more factors, extensive data including demographic information should be collected to provide more valuable managerial insights for the food retailers in further studies. Second, we studied a perishable food whose freshness decays continuously. We may explore more perishable foods whose freshness, quality or market demand decay discretely, such as seasonal items or festival foods, etc. Moreover, in this paper, a monopolist retailer's pricing strategy was studied. Future work is encouraged to probe this further and provide new perspectives with respect to more complicated market environments with the existence of substitutes or 2228 BFJ 117,9 competitors. Last but not the least important, since it is difficult to practice the multiperiod dynamic pricing in reality due to the increased cost and lack of manpower, more suitable managerial suggestions should be investigated.
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